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MEMORANDUM REPORT

for
ﬁﬁi-'eé.u. of Aernneuticd, Navy Depa.rh-nent
WIND~TUNKNEL ‘I'E-STS OF 'J."NO H.AE[LTOZ-E STAEDARD PROPELLERS
EMBODYING CLARE Y AND NACA 16-GERTES ELADE SECTIONS
By W. H, GRAY
SUMMARY

Tegts of two 10-foot Hamilt-on §tandard propellers were mads in
the propeller~research tunnel for the Bureau of Aeronautlics, Navy
Department, to deternine the relative nez_-its of the Cla..rk Y and KACA
16-gories sections and to determire the negative thrus* available at
negative anrles. The pronellers were ideutloal as to dlameter,
actlvity factor, thickness ratio and pitoch distribution. Tests
covered a renze nf blade angles from -25° to 65°,.and were all mads
at tip spéeda below 280 fest ner second.

The results indicated commaratively little dlfference between
propelleors at peak e-f:f‘ioiency for the lo;v lfach numbers exnerienced
in the tumnel tests, The NACA l6-series seotions displayed earlier
stalling characteristics then the Clari Y sectio-n.

INTRODUCT ION | '

£t the request of the Bureau of Aero;:tautics, Hevy Depar‘lz;ent, :
the tests reported herein ware undertaken at the 20-foot propeller-
resesarch tunnsl, primarily to compare the IJACA l6-series blade
section with the CIIarlc Y section. The Bureau of Aez.'onautios was
algo interested in obtaining data in the negative thrust range

applicable to computations of maneuvers of flying boats on water.
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This report gives-_t'l;e: '_'b.}i;:!.lls:t and torque oharaqteristios of the
propellers throggh a range of blade angle settings fram_65° to -25°
ab 0.75 radius, and, for-the n?gative angles, through the complete
VV@D range from V = 0 +to nearly n = 0O,

These tuhnel tests have b;en confined to low tip speeds. A
separate report covers compressiblility measurements made on the
static whirl rig at high tip speeds.

APPARATUS AND HMETHODS

Pr;pellera.- Both propellers were approximately an inch greater
in diameter than ten feet and have the blade-form characteristics
shown in figure 1 and the plan~-form of flgure 3.

Propeller 62592-18 has an NACA 16-series blade sootion through-
out (figure 2), b;sed on data from reference 1., Blade sections
from the 36 inch radius to the tip were laid out to a larger width
and then out off at the trailing edge with a radius of .0l5 inch.

Propeller €267A-18 has a true Clark Y section throughout.

.Foth propellers were tested in conjunction with a 28-inch
diemeter sninner on the stresmline namcelle shown in figure 5.

Driving mechanism.~ The propellers were driven by two 25-

horsepower electric motors arranged in tendem. (See figure 6.)

The set-up was origlnally desligned for teste of prapellers in dual
rotation and for that reason the front motcr was directly connected
to the front propeller, while the-yoar motor_d?ovc the rear propeller
through chains and a countershaft. For these tests the propeller

shafts were locked together,
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Messurements.~ The net -thrust or.drag of the -pr-qpqlle!:.-_-quy__.\_

" combination Was measured on a thryst balance located on the floor of, .
the test chember. . -. -~ . .7 o o« ., : PR .

The torque of sach motor was.messured with a epringnSelsxg:
dynemometer. The motors rested on bearings concentrie with thg.:
shaft axla, and were restralned from rotating by springs &ttgch9§ to
the fixed freme. The amount of defleotion of the motor frames was
mesgured by Selsyn generator units and transmitted to indicating
units on the floor. .

Measurement of rotational sneed was nade with a condenser
tachometer developed by the NACA. Frequent clecks on the acouracy
of the instrument were made by means of & tuning fork and oscillograph.

The tunnel speed rangod froﬁ 0 to ;bout 110 miles psr hour, and
the meximum ‘propsller speed was not over 520 rpm, or about 287 feet
per second rotatlonal tip speed. I

RESULTS AND DISCUSSION

The measured values. have.been reduced to the usual ocoefficients

of' thrust, power, and propulsive efficiency,

o effedtive thrust-: ' °

= L

T
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for presen’l:ﬂng the results. of tests at posiltive angles. Tho effeo-
tive thmist is ths measured thrust of the propellershody oqumation
plus the drag of the body a-lone. . %D" is the prop'el-l__er diameter in
feet, and "n" is the propeller rotationsl speed in-revolutions per
second .

In-the negative thrust pange at velues of V/nD less than

unity, the coeffiocients used have been Cp and CQ where

Co ™ -—.—3-"3
Q p.n2D
end above V/nD of unity, T, end Q, have been used plotted

agzaingt nDﬁr , where

m effective thrust

e VD~

% = =2
PV D
For the torgue ocoefficients Cq ard Q,, the aerodynemic torque, Q,
is considered positive when the air reaction upon the propsller tends
to resist rotation.
One form of the coefficlents mey be changed to the other by
multiplying or dividingby (V/nD)2.
LISI OF FIGURES
The results are given in the f‘o'llorvring figures:
7 +to 11 Characteristic ocurves for 6259&-18 (HACA 16 throughout)
12 to 16 Characteristic curves for 6267A-18 (Clark Y throughout)

17 NACA 16 and Clark Y propeller characteristic comparisons
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18 . Efficlency envelope comperiasons
19 .. Efrioieﬁoy comparisons for constant '65 = 0,2 -
20 Efficiency comparisons for constant Cp = O.L .
21 Jhrust ratio comparicons .

The characteristic ourves (see fig. 17) have been adJustea to
the equivalent engle of the Clark Y blades, for thrae representative
anglseg. This is necegsitated by the diff?rence in the effective -
blade angles based on the assumed ohord linss, The figure is ;
comparison between the NACA 16 and Clark Y propellers, and indicates
a higher thrust, power, and consetuently efficienc&, in the range of
take-off (0.3 (V/nD)max_ erf,) for the Clark Y. The same figure
shows.well the delayed stalling oharacteristic of the Clark Y as
compared with the early stall of the NACA 16,

Comparison of efficiency envelope curves (see figure 18) show;
very little choice butween propelilers. The data indicates that
from one to two percent higher effloiency vms realized for the NACA .
16 propeller at valuss of V/uD below 1.6 Above this value of
V/ED the Clark Y propeller varied from about the seme to & little
more than 1 percent higher. The crossover of the envelope could be
apcounted for by the faot that at the higher values of V/hD the
NACA 16 profile was operating outside the range of 1ift coeffioionts
for which it was designed. This is even more apparent in figures 19
and 20, whieh show comparisons at oonstant power,

Low-8speed comparisons of thrust in the range of teke-off and

elimb are shown in figure 21.



Thruat ratio comparisons at’ eoristant power in the negative

thrust range show very little differenco between the two sectlons.
CONCLUDING REMARKS

These tests, which were made 1n a low speed tunnel, indicated
little difference in the maximum efflciency for the two propellers.
Obviously, the delayod compressibllity characteristics of the NACA
l6-series seotions would not be expsoted to be made evident by these
tests, although they seem to cheok the results reported in reference 2,

The propeller with the NACA 16-series section indicated inferior
take-off characteristics which, however, might be overcome by the use
of larger blade areas, operation at hlgher tip spoeds, or the use of
sectlons designed for highsr values of Cp. The possible detri-
mental effects -of these alterations may be offset by the lower drag

qualities of the section at high speeds.

Langley Memorial Aeronasutical Laboratory,
National Advisory Committee for Aeronautios,
Langley Field, Va., August 20, 19L1.
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No 6250418, NACA /6 - serres
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No.6G267A-18 Clark-Y

NATIONAL ADVIEORY
COMMIXETRE FOR ARRONAUTICS

Figure 2 - Propeller blode sections at the 070 R.




Figure 3.- Photograph showing plan form of the propeller blades testea.
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Photograph of test set-up.

Figure 4.-
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